ABSTRACT
INTRODUCTION
There are several concepts currently being researched that have the potential to achieve practical fusion in the near future. One promising concept is the Quiet Electric Discharge (QED) system z, which uses inertial electrostatic confinement to achieve fusion. Figure 2 illustrates an expanded view of the fusion chamber.
A negative potential well is created in the center of the fusion chamber through the injection of electron beams. The well is restrained by an externally applied electric field, which is created using concentric grids inside the fusion chamber_ The charged particles resulting from the fusion reaction expand against the electric field.
The interaction between the charged particles and the electric field creates a voltage differential that can be used for power production. The bottom of Figure 2 illustrates the voltage differential between the collector shell and the ion well. Analyses on engine performance have been made using the code described in references 3 and 4. The first analysis set involves the use of the e-beam subsystem.
The e-beam emitter assumes a linear heating profile across the length of the combustor section and thus is the simplest.
The cases, shown in Table 2 .
The points in Table 1 are designed to calculate a reasonable range of performance for a given expansion ratio.
There are two restraints used to determine the range. The first is that the flow cannot be expanded to the point where the exit pressure is near the zero point.
At this point the code becomes unstable and does not converge. This is a 'soft' limit, i.e. there was no attempt to find the points of lowest heat input that did not invoke this condition. The second restraint is that of thermal choking. The code can only calculate flows that are supersonic throughout the axial length. Past a certain point the energy input will 'choke' the flow and force it into a subsonic condition. This is a 'hard' limit, i.e. the analysis found the highest energy input (within 500 MW) that did not force a thermal choke. Figure 4 illustrates the variation in specific thrust with energy input for several combustor expansion ratios. The reported specific thrusts approach and exceed that of typical scramjets (80-100 lbf-sec/lbm) at the higher energy inputs. Several trends are evident in values from the equilibrium run. Note that the axial this figure. entropy plots should be evaluated by their change from the inlet value as absolute entropy values depend on the defined reference state.
OVERALL EFFICIEN(_Y
The overall efficiency is defined as the amount of thrust power generated from the engine divided by the total power output from the reactor. It is shown in equation form as
Preactor
Due to the power conversion factor assumed in the beam emitter subsystem the total efficiency for these runs can never exceed 50%. This parameter will First, the specific thrust is higher at the lower expansion ratios for a given energy input. Second, the specific thrust varies roughly linearly with energy input for a given expansion ratio. This was neglected on purpose in order to observe trends without the added variable of whether there were nozzle shocks.
In this manner the values in Figure 4 can be considered 'pseudo-vacuum' specific thrusts even though a vacuum thrust could not be produced with a true airbreathing engine. The cases at 3000 MW input and lower produce exit pressures lower than the freestream pressure and would have a shock structure in the expansion section in a true setting. The pressure losses across the shock would reduce the engine thrust and thus the specific thrust. Figure 5 illustrates the change in the thrust to engine weight ratio with increasing energy input and changing combustor area ratios. Figure 6 . Overall efficiency vs. e-beam energy input.
At this point it is instructive to consider the axial property profiles for the cases above and try to draw some inference on the relationship between the geometry of the profiles and the engine performance. Figure 7 illustrates the change in specific entropy with axial position for all of the cases using the 4.0 combustor area ratio. All of the axial profiles to follow use the equilibrium values only. The zero is impacted on these graphs because we are interested in the change in entropy for that at the combustor inlet, which is the same for all cases.
Immediately evident is that the change in entropy progresses more rapidly as the energy input increases. This is intuitive, as heat input to an open system, by which this system can be modeled, will increase entropy. There is also a slight but detectible increase in entropy in the expansion section.
There is an entropy increase related to the relaxation of the vibrational and electronic modes in the air molecules. Figure 11 illustrates the variance in specific thrust 10 due to the higher expansion area ratios. The change with energy input for several combustor area ratios. in expansion area ratio did not seem to have a There are several similarities with Figure 4 . The trends significant effect on the entropy profiles. The values reported here also illustrate a reduction in efficiency from the e-beam case. In all other respects the trends in Figure 13 are consistent with those reported by the e-beam analysis. Figure 14 shows the axial entropy profiles for all of the cases using the 4.0 combustor expansion ratio• Evident is the concave curves in the combustor region, Figure 13 . Overall efficiency vs. HF laser power input. As expected, the deceleration is stronger for the higher heating rates• Figure 16 shows the specific entropy axial profiles using an HF laser energy input of 2500 MW. Several cases were run using the e-beam and I-IF laser subsystems to couple the power output from the fusion reactor to the engine flowpath.
Both subsystems exhibited similar trends. Specific thrust increased with power input and decreased with higher combustor area ratios.
Thrust to weight ratio and overall efficiency decreased with power input and combustor area ratio.
In all cases the equilibrium performance values lagged the frozen values. The results suggest that a trade off will be required between specific thrust and thrust to weight ratio each specific vehicle and mission considered.
The power input for the vehicle will be driven by the required specific thrust. Also the flow should be driven to as near a thermal choke as possible by selecting the minimum combustor area profile that will handle the input power. 
